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Abstract
QCD string picture of highly excited hadrons very naturally explains parity
doubling once the chiral symmetry is restored high in the spectrum. In par-
ticular, all possible spin-orbit and tensor interactions of quarks at the ends
of the string, related to dynamics of the string, vanish. High in the spec-
trum there appears higher degree of degeneracy, namely parity doublets with
different angular momentum cluster around energy of the string in the given
quantum state.
It has recently been shown that the well established concept of quark-hadron duality,
the validity of the operator product expansion in QCD at large space-like momenta and the
validity of the dispersion relation for the two-point correlator (i.e. validity of the Ka¨llen -
Lehmann representation) implies a smooth chiral symmetry restoration in the high-energy
part of hadron spectra composed of light quarks [1,2]. Microscopically this is because the
typical momenta of valence quarks should increase higher in the spectrum and once it is
high enough the valence quarks decouple from the chiral condensates of the QCD vacuum
and the dynamical (quasiparticle or constituent) mass of quarks drops o and the chiral
symmetry is restored [3]. This phenomenon does not mean that the spontaneous breaking
of chiral symmetry in the QCD vacuum disappears, but rather that the chiral asymmetry
of the vacuum becomes irrelevant once we are suciently high in the spectrum. While the
chiral symmetry breaking condensates in the vacuum are crucially important for the physics
of the low-lying hadrons, the physics of the highly-excited states is such as if there were no
chiral symmetry breaking in the vacuum.
This is in a very good analogy with the similar phenomenon in condensed matter physics.
Namely, even if the metal is in the superconducting phase (i.e. there is a condensation of
the Cooper pairs - which is analogous to the condensation of right-left quark pairs in the
QCD vacuum - and the low-lying excitations of the system are the excitations of quasipar-
ticles), the response of the superconductor to the high-energy (frequency) probe hω >> 
is the same as of the normal metal. This is because the phase coherent eects of the super-
conductor become irrelevant in this case and the external probe sees a bare particle rather
than a quasiparticle. Similar, in the QCD case one has to probe the QCD vacuum by the
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high energy (frequency) external probe (current) in order to create a hadron of a large mass
and hence the masses (physics) of the highly excited hadrons should be insensitive to the
condensation of chiral pairs in the vacuum.
The phenomenological manifestation of the chiral symmetry restoration is that the highly
excited hadrons should fall into the representations of the SU(2)L  SU(2)R group, which
are compatible with the denite parity of the states - the parity-chiral multiplets [1,2]. In
the case of baryons in N and  spectra these multiplets are either the parity doublets
((1/2, 0) (0, 1/2) for N and (3/2, 0) (0, 3/2) for ) that are not related to each other or
the multiplets (1/2, 1) (1, 1/2) that combine one parity doublet in the nucleon spectrum
with the parity doublet in the delta spectrum with the same spin. And indeed, the phe-
nomenological highly-excited N and  spectra show systematical parity doubling, though
further experimental studies are required in order to make a denitive statement. It remains
to be claried which parity-chiral multiplets are observed - at the moment one cannot dis-
entangle the dierent possibilities. In Fig. 1 we show the experimental N spectrum [4].
It is clearly visible that starting from M ’ 1.7 GeV the states systematically appear in
approximate parity doublets, except for the two high-lying high-spin states, where the chiral
partner should yet be experimentally found. The onset of the approximate chiral symmetry
restoration as low as in the region of 1.7 GeV is very consistent with the recent nding of
JLAB that the inclusive electroproduction of resonances in the mass region 3.1  M2  3.9
GeV2 is perfectly dual to the deep inelastic data [5].
Systematic data on highly-excited mesons are still missing in PDG tables. However,
the ongoing phase-shift analysis of mesonic resonances obtained in the proton-antiproton
annihilation at LEAR shows almost a systematical appearance of the nearly perfect parity
doublets in the meson spectrum in the mass region of 2 GeV and above [6]. Sometimes these
doublets combine the states with isospin zero, e.g. the doublets in (0, 0) (0, 0) representa-
tion (compare the masses of I, JPC = 0, 1−− and 0, 1++ states, or masses of 0, 2−− and 0, 2++
states, etc). Or there are parity doublets with isospin one in the (0, 1)  (1, 0) representa-
tion (e.g. 1, 1−− and 1, 1++; 1, 2−− and 1, 2++;...). There are also indications for multiplets
(1/2, 1/2)  (1/2, 1/2) that combine the states with isospin I = 0 and I = 1 (0, 0++ and
1, 0−+; 0, 1−− and 1, 1+−; 0, 2++ and 1, 2−+; 0, 3−− and 1, 3+−;...). Yet the unique assigne-
ment of the states to the specic multiplets is dicult because sometimes the same state
perfectly ts into dierent multiplets. For example, on the one hand the ρ(1, 1−−) states at
1970 30 MeV and at 2265 40 MeV can be paired with the a1(1, 1++) states at 1930+30−70
MeV and 2270+55−40, respectively ((0, 1) (1, 0) representation). But one the other hand the
same ρ-s can also be paired with h1(0, 1
+−) states at 1965 45 and 2215 40, respectively
(i.e. the (1/2, 1/2) (1/2, 1/2) representation). Clearly a very systematic phase shift analy-
sis should be done for both baryon and meson spectra and probably other properties such as
decay modes should be invoked in order to unambiguously identify possible chiral partners.
Obviously, one also needs a physical picture for highly excited hadrons that is compatible
with the chiral symmetry restoration and which would naturally explain the parity doubling.
It is a purpose of this note to show that the QCD string picture of highly excited hadrons
perfectly does this job.
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It is well known that the string picture very naturally incorporates the approximately
linear behaviour of Regge trajectories for excited states. Low in the spectrum, where the
spontaneous breaking of chiral symmetry in the vacuum is crucially important and which
prevents the parity doubling, the linear behaviour of Regge trajectories is heavily broken
[7]. In this part of the spectrum the physics which is associated with the quasiparticle pic-
ture (i.e. the constituent quark model) is more relevant and the eective interactions of
quasiparticles can be approximated to some extent by potentials of dierent physical origin
(e.g. by eective conning potential and flavor-spin potential which is associated with the
Goldstone-boson-exchange between constituent quarks, etc.).
For the highly excited states we will assume that chiral restoration occures and the QCD
string-like picture of connement underlies the physics. We make the following simplifying
assumptions: (i) the eld in the string is of pure color-electric origin; (ii) the chiral symmetry
is completely restored and hence the hadrons are rotating strings with massless quarks at
the ends with denite chirality=helicity and these valence quarks are combined into parity-
chiral multiplets.
While for mesons the geometry of the string is rather obvious, it is not so for baryons.
For the present context it is not so important whether the highly excited baryons should
be viewed as symmetric string congurations of the Merzedes-Benz type with the string
junction in the center or they are of deformed type with the quark-diquark clustering. For
us it is only important that the strings are pure electric and that the valence quarks at the
ends have denite chirality=helicity and belong to one of the parity-chiral multiplets.
The s = 1/2 quarks with the xed chirality=helicity can be either alligned or antialligned
with their momentum in the course of rotation of the string (see Fig. 2). 1 Hence (this is
the central point) all the following scalar products must be 0:
~S(i)  ~L(i) = 0,
~S(i)  ~L(j) = 0,
~S(i)  ~R(i) = 0,
~S(i)  ~R(j) = 0,
where the indices i, j numerate dierent quarks. Here ~L is the angular momentum operator
associated with the rotation of the string, i.e. intrinsic angular momentum of the string
1The standard technique of 1/m expansion for deriving the spin-dependent forces is not applicable
in the present case.
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which should not be confused with the orbital angular momentum of the nonrelativistic
particle; ~R and ~S are the radius-vector of the given quark in the center-of-mass frame and
its spin operator, respectively. The relations above immediately imply that the possible spin-
orbit and tensor interactions of quarks related to the string dynamics should be absent, once
the chiral symmetry is restored. In particular, the Thomas precession does not contribute
to the energy
U = −~S  ~ωT  ~S  [~v,~a]  ~v  [~v,~a] = 0,
where ~ωT , ~v and ~a are the angular frequency of Thomas precession, velocity of quark and
its acceleration, respectively.
Since the nonperturbative eld in the string is pure electric, the magnetic interaction of
quarks of the type ~S(i)  ~S(j) is absent. Though the string is pure electric, the quantum fluc-
tuations of perturbative origin are possible once the quarks are close to each other. However,
for massless quarks with denite chirality=helicity the interaction induced by perturbative
forces, does not distinguish between the members of the parity-chiral multiplet.
Since chiral symmetry is assumed to be restored, the valence quarks are decoupled from
the Goldstone bosons and hence the Goldstone boson mediated forces (e.g. the flavor-spin
and tensor forces) between quarks are also absent.
One arrives at the following situation: (i) the hadrons with the dierent chiral congura-
tions of the quarks at the ends of the string which belong to the same parity-chiral multiplet
and that belong to the same intrinsic quantum state of the string must be degenerate; (ii)
the total parity of the hadron is determined by the product of parity of the string in the
given quantum state and the parity of the specic parity-chiral conguration of the quarks
at the ends of the string. There is no analogy to this situation in the nonrelativistic physics
where the parity is only determined by the orbital motion of particles. Thus one sees that
for every intrinsic quantum state of the string there necessarily appears parity doubling of
the states with the same total angular momentum.
Once the quantum fluctuations of perturbative origin are neglected, the energy of the
hadron is determined exclusively by the energy of the string; the mutial orientation of the
spins of the quarks become irrelevant. In this case there appears even higher degree of
degeneracy than the simple parity doubling. Namely those hadrons with the same intrinsic
energy and angular momentum of the string but with dierent total spin of all quarks (that
are allowed by Pauli principle) must be degenerate. The higher we are in the spectrum -
the smaller is the amplitude for the quarks to be close to each other and hence the pertur-
bative contributions become suppressed. In other words, one should expect an appearance
of the sets of degenerate parity-doublets with dierent total angular momentum (i.e. clus-
ters of parity-doublets) in hadron spectra. For example, if the intrinsic angular momentum
of the string in excited nucleon is L=1, then the cluster of parity doublets should consist
of three doublets with total angular momenta J = 1/2, 3/2, 5/2 (because the total spin of
three quarks can range from 1/2 to 3/2). The rst cluster of parity doublets in the nucleon
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spectrum at M ’ 1.7 GeV neatly ts this picture. If one assumes that the next excitation
of the string is associated with the L = 2, then there should be cluster of parity doublets
with J = 1/2, 3/2, 5/2, 7/2. And indeed the band of baryons in N and  spectra in the
mass region M ’ 2 GeV does contain such parity doublets. The empirical parity doublets
in meson spectrum with dierent total angular momentum also perfectly group into two
clusters around the masses of ’ 2 GeV and of ’ 2.2− 2.3 GeV.
Clearly, in reality the chiral symmetry restoration is only approximate and also the
masses of light quarks are not zero, so the helicity is not equal to chirality and the quark
spin can flip with some small amplitude during the rotation of the string. It can also be
not parallel to the quark momentum. Consequently there must appear small spin-spin,
spin-orbit and tensor interactions of dierent origins between the valence quarks. These
small interactions should give rise to the small splittings in parity doublets as well as among
dierent doublets within the cluster. It is a challenging task to evaluate such corrections.
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Figure captions
Fig.1
Excitation spectrum of nucleon. The real part of the pole position is shown. Boxes represent
experimental uncertainties. Those resonances which are not yet reliably established are
marked by two or one stars according to the PDG classication. The one-star resonances
with J = 1/2 around 2 GeV are given according to the recent Bonn (SAPHIR) results [8].
Fig.2
Rotating string with the right and the left quarks at the ends.
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